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Abstract 
This paper dwells upon the problem of synthesising structures under indefiniteness. Herein is proposed a classification of initial 
information uncertainty types that influence the parameters of transport networks. It is shown that different types of uncertainties 
can be narrowed down to two types, internal and external. The article presents formal models of problems reflecting the said 
types of uncertainties and different ways of describing them by means of the interval analysis and fuzzy sets. Schemes for solving 
the problems posed are given based on the decomposition approach.   
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction
The article develops methods of synthesis of transport networks structures in view of uncertainty of initial 
information. The problems of designing transport networks arise at designing of different communications. 
Such communications can be exemplified by networks of highways and railways, power supply networks, 
product lines of different assignment, etc. In particular, such problem arises at designing of systems for 
infrastructure development of fields: oil, gas, coal, etc. Respective industries are most dynamic. Annually 
hundreds of fields are commissioned and developed in the country. Regions of mine field infrastructure 
development are characterized not only by commissioning of the fields themselves but also by establishment of 
their regional service systems.       
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Initial information is generally uncertain for any types of transport networks, but the uncertainty degree and 
the number of uncertain factors are particularly high at synthesis of infrastructure development networks 
structures. Infrastructure development networks are defined here as transport networks created for 
development and operation of mine fields in regions with lacking infrastructure. These networks are 
characterized by the following uncertain factors: the power of source, time of network exploiting, information 
about geological conditions of building, directions of network development, modes of building, etc. A peculiar 
feature of building infrastructure development networks lies in existence of the only sink. Whereas there is no 
consumption inside the field region, all the produced products are exported to other regions from the single 
cargo-generating station, which constitutes the network’s sink.       
The network’s cost consists of two components: 
 capital, including the cost of construction of the network’s communications and expenses on maintenance of 
their operability; 
 operating, equal to the cost of expenses on product transportation through the network. 
This type of networks is further considered, although the developed approach is universal and can be 
applied at designing of any transport networks structures.  
At designing of transport networks a large volume of information is generally attracted for determination of 
parameters of the designed network. As a result, already at this stage many initial data cannot be defined 
unambiguously.  
The basic factors taken into account in modern methods of automated designing include: 
1. Natural factors formalized as engineering-geological and hydrogeological characteristics of territories. 
Processing of available information generally depends in many respects on the expert’s experience and 
intuition and contains errors; 
2. Different design and process solutions of building a specific transport and communication network. 
Selection of a solution is influenced by appearance of new materials and modes of building, etc.; 
3. Operating characteristics of road structures determined by expenses on maintenance and current repair; 
4. Expenses on cargo transportation calculated on the basis of scheduled volumes over a period of network 
functioning; 
5. Expenses connected with the damage caused to the environment in the course of construction and operation 
of the network; 
6. Situations when the influence of natural or artificial facilities on selection of an optimal solution are taken 
into account.  
Formalization of the aforesaid factors generally contains errors, whereas it depends on completeness of 
available information and the designer’s experience. This fact allows to make a conclusion that in real 
conditions there is uncertainty of information about parameters of the designed network. This circumstance 
requires an adequate formulation of the optimization problem, selection of a mathematical model including 
uncertainty of initial data and, generally speaking, does not allow to use algorithms meant for solution of 
deterministic problems. The analysis of causes that give rise to uncertainty of parameters allows to 
discriminate two types of factors: 
1. factors that are external for the model and act equally to its parameters. They include: time of network 
using, power of source, modes of building, etc.; 
2. factors that are the consequence of incompleteness of engineering-geological information about building 
and exploitation conditions and influencing internal model parameters. 
The first group of factors defines the external uncertainty of the model, the second – the internal uncertainty 
of the model.  
In order to describe the internal and external uncertainty methods of the interval analysis [1,2] and the fuzzy 
sets theory [3,4] are used in the work. The procedure of selecting optimal variants of networks structures is 
based on introduction of preference relations and the decomposition approach [5]. 
The second section is devoted to formulation of the problem of synthesis of an optimal network structure and 
formalization of two introduced types of uncertainty. Decomposition approach to the solving of a problem is 
presented in the third section. The fourth section introduces preference relations by a set of variants of the 
transport network structures and describes the scheme of problem decomposition. The fifth section describes 
models and algorithms of transport networks synthesis based on the decomposition approach.   
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2. Problem formulation 
Usually the initial information for the transport network synthesis problem is set in the form of connected 
graph G=(V,E), where V is the set of vertex, ȿ is the set of edges corresponding to admissible communications.  
The problem of transport network synthesis lies in minimization of objective function 
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where T is the spanning tree of graph G, w(i,j) is the edge (i,j) creation cost, v(i,j) is the cost of transportation of 
a product item along the edge, y(i,j,T) is the value of flow along the edge (i,j) determined unambiguously at the 
set sink, the set power of sources and the flow preservation condition. ȍ – set of spanning tress of graph G. 
 
In case of external uncertainty the problem of transport network synthesis can be presented as follows: 
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where ߢ, ȕ˾ – uncertain parameters. 
In case of internal uncertainty the required objective function is presented as follows: 
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where w˾(i,j), ܢ(i,j), Ϳ(i,j)  – uncertain parameters set on edges of graph G͟ 
For description of both external and internal uncertainty it is proposed to use methods of the interval analysis 
and fuzzy sets. 
3. Decomposition approach to problem solution 
The problem of transport network synthesis is characterized by such properties as discreteness, high dimension 
and non-linear nature. The aforesaid factors allow to refer the problem posed to problems of mathematical 
programming, which have no universal efficient solvation methods.    
The considered problem is a synthesis of two problems: the first problem is designing of the network structure 
and its topology; the second is distribution of flows along the designed network. Such problem structure enables 
decomposition and organization of an efficient procedure for optimization of private problems.  
The approach developed by Peltsverger B.V. and Khavronin O.V. [6] seems most expedient for solution of 
problems (2) and (3). The said approach is based on outlining of a class of NP-hard problems of combinatorial 
optimization, including problem (1), which are efficiently solved on the basis of the decomposition approach. As a 
result, solution of the initial NP-hard problem can be reduced to solution of a sequence of problems of polynomial 
complexity. Problem decomposition allows to increase significantly dimensionality of the solvable problem and is 
based on outlining of private criteria coordinated with the initial and further selection of a solution out of a Pareto 
set of solutions of a multi-criteria problem. Application of the decomposition approach is most expedient when a 
global problem and problems with private criteria have different complexity classes. The said scheme allows to 
reduce solution of the initial NP-hard problem (1) to solution of a sequence of private problems of polynomial 
complexity. The article proposes to apply the said scheme for solution of problems (2) and (3). The guaranteed 
estimation of complexity of such problems allows to modify the known algorithms in case of inaccurate initial 
information almost without prejudice to their efficiency.              
4. Preference relations for a problem with interval and fuzzy estimations 
Whereas estimation of an alternative in problems (2) and (3) is either an interval or a fuzzy set, for solution of 
such problems it is necessary to introduce non-vector and vector preference relations (PR) for a set of alternatives 
and to generalize the scheme of decomposition in case of these PRs. For problem (2) the introduced private criteria 
are deterministic. The description of the decomposition scheme for problem (1.2) with fuzzy estimations is set out in 
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paper [7]. It is evident that the above method is applicable for solution of problem (2) with interval estimations. As 
opposed to problem (2), in problem (3) private criteria are also nondeterministic and prescribed by some PRs. 
Consequently, for application of the decomposition approach it is necessary to formulate the condition of 
consistency of the global PR with private PRs. The PR consistency condition is a generalization of the condition of 
criteria monotonicity in the deterministic case [3], namely, PR Ș is consistent with relations ȣ1,…, ȣm only when it 
follows from the fact that i x’ dominates over ɯ" by PR ȣi that x’ dominates over ɯ" by PR Ș. It is easy to check 
that in case of consistent PRs the set of non-dominating solutions by PR Ș is contained in the set of non-dominating 
solutions by the vector PR (ȣ1,…, ȣm). 
1.1. Preference relations for the case of interval estimations 
 In case of one criterion the PR is introduced naturally: two intervals I1=[a1, b1] and I2=[a2, b2] are 
incomparable only when (b1–a2)(a1–b2)<0, I1 dominates I2 (I1<I2) only when a2> b1. The solution of the problem 
is a set of non-dominating intervals (which are incomparable with each other). For multi-criteria problems with 
uncertainty several PRs are introduced in paper [8,9], but their application in problems with interval uncertainty 
is inexpedient, whereas in this case the problem becomes fully deterministic, which leads to a partial loss of 
information laid in the model and an unjustified narrowing of the selection area. 
Let us introduce the vector PR for a multi-criteria problem with integral parameters  
(U1(x), U2(x),…, Um(x)) o min, ɯɏ 
in such a way, so that each alternative ɯ corresponds to m-dimensional parallelepiped in the space of criteria 
D(x) =[a1, b1]×[a2, b2]×…×[am, bm], where [ai, bi] – interval of values of criterion Ui(x). Parallelepiped D ( x ’ )  
dominates over parallelepiped D(x") only when i bi’<ai". 
1.2. Preference relations for a case of fuzzy estimations 
 Non-vector PR for fuzzy sets is defined in paper [4] as a PR induced by a natural order (<) on the number 
axis. The vector PR for this case is described in paper [7]. However, these PRs do not allow to consider the 
shapes of the curves described by the membership functions and depend only on mutual location of spheres with 
maximum values of the membership functions. In this work it is proposed to express these PRs through the PR 
for interval estimations. 
Suppose a fuzzy set is prescribed by membership function Ȟ: R1o[0, 1]. Subject to [4], a set of a-level of 
fuzzy set v is set XĮȞ = {x| xR1, Ȟ(x)Į}, 0<Į1. 
It is evident that for convex fuzzy sets XĮȞ is an interval. Fuzzy set Ȟ dominates over fuzzy set ȝ at level Į 
only when XĮȞ dominates over XĮȝ. Sets Ȟ and ȝ are incomparable only when respective intervals are 
incomparable. The vector PR is introduced analogously at level Į. It should be noted that for normal convex 
fuzzy subsets the introduced PR in case Į=1 coincides with PR [4], and the set of alternatives, which are non-
dominating by this PR, grows monotonously with reduction of Į. 
In case estimations are nonconvex (XĮȞ is not continuous), instead of XĮȞ we take an approximating interval, 
which lower border coincides with the minimum lower border, and the upper border coincides with the 
maximum upper border of intervals making up XĮȞ. In this case, this set of non-dominating solutions can only 
increase. 
5. Algorithm of transport network synthesis under uncertainty 
The algorithm of solving problem (2) for the case of fuzzy estimation is described in [7]. Whereas the interval 
estimation is a private case of a fuzzy set, the described algorithm can be applied for solving problem (2) with 
interval estimations. 
In order to solve problem (3) with interval estimations private cases of polynomial complexity are introduced: 
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The problem can be solved in the course of building a set of efficient solutions Pu of problem 
(U1(x), U2(x)) o min, ɯɏ 
Field D(Ti) corresponds to each solution Ti of problem (3) in the space of criteria. 
D(Ti) = [a1i, b1i]× [a2i, b2i], ɝɞɟ U1(Ti)= [a1i, b1i], U2(Ti)= [a2i, b2i]. 
By definition TiPu, if there is no such Tj that U1(Tj) U1(Ti) and U2(Tj) U2(Ti) besides, one of the 
inequalities is strict. 
The algorithm of solving problem (3) with interval estimations is described in [10]. 
As it follows from cl. 3.2. problem (3) with fuzzy estimations of alternatives can be reduced to problem (3) 
with interval estimations. 
As for selection of level Į, at which fuzzy estimations are compared, it is generally difficult to give specific 
recommendations. It can be only noted that with decrease of Į the number of non-dominating alternatives 
monotonously grows. In a specific problem Į shall be selected empirically, based on the required power of the 
set of non-dominating alternatives. 
6. Conclusion 
The offered model of solving the problem of synthesis of the transport network structure is universal and 
allows to generate a set of non-dominating variants of networks in case of internal and external uncertainty. 
Implementation of the considered approach is used in software complexes at designing of oil field infrastructure 
development networks in West Siberia.  
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